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Abstract

The acceptance of tung oil enriched diet and the incorporation of conjugated linolenic acid - CLnA into fillets of Genetically Improved
Farmed Tilapia (GIFT) were investigated. The diet was well accepted, and after 10 days CLnA was incorporated into the fillets with a 1.02%
content of total fatty acids (FA). In addition, biosynthesis of the conjugated linoleic acid isomers — CLA (0.31% of fillet total FA content) from
CLnA, and the presence of alpha-linolenic acid - LNA (1.08% of fillet total FA content), eicosapentaenoic acid — EPA (2.85% of fillet total
FA content) and docosahexaenoic acid - DHA (3.08% of fillet total FA content) were observed. Therefore, the consumption of this fish can
increase the intake of different FA (CLnA, CLA, LNA, EPA and DHA), which play an important role in human metabolism.
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Resumo

A aceitagao de tratamentos enriquecidos com 6leo de tungue e a incorporagao do acido linolénico conjugado (CLnA) em filés de tildpia
melhorada geneticamente (GIFT) foram investigadas. A dieta teve boa aceitacdo e, apds 10 dias, o ClnA havia sido incorporado nos filés,
mostrando um teor de 1,02% dos dcidos graxos totais (AG). Além disso, a biossintese dos isomeros do acido linoleico conjugado - CLA
(0,31% de teor de AG total no filé), a partir do CLnA, e a presenca do acido alfalinolénico - LNA (1,08% de teor de AG total no filé), acido
eicosapentaenoico - EPA (2,85 % de teor de AG total no filé) e dcido docosa-hexaenoico - DHA (3,08% de teor de AG total no filé) foram
observados. Assim, o consumo deste peixe pode aumentar a ingestao de diferentes AG (CLnA, CLA, LNA, EPA e DHA), que desempenham
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um papel importante no metabolismo humano.

Palavras-chave: dcido linoleico conjugado; filé de tildpia; filés de tildpia melhorada geneticamente.

1 Introduction

Tilapia (Oreochromis niloticus) originally comes from
the Nile basin (NOVA; GODOY; ALDRIGUE, 2005) and is
the second most important fish in aquaculture in the world.
Due to its reproductive biology, ruggedness, genetic plasticity,
fast growth, feed intake and favorable commercialization,
Genetically Improved Farmed Tilapia (GIFT) was developed
and introduced in Brazil in 2005 (FULBER et al., 2009).

Easiness in breeding tilapia, together with the fact
that its fillet fatty acid (FA) profile is influenced by its diet
(VISENTAINER et al., 2005), raises great interest in evaluating
the incorporation of fatty acids beneficial to health into its
muscle tissues.

Although the interest of researchers in evaluating the
incorporation of different fatty acids into tilapia muscle tissues
has resulted in some scientific studies (VISENTAINER et al.,
2005; SOUZA et al., 2007; JUSTI et al., 2003; OMENA et al.,
2010), the dietary supplementation of these fish with the
geometric and positional isomers of octadecatrienoic acid
(18:3n-3), also known as conjugated linolenic acid (CLnA)
(YANG et al.,, 2009), has never been evaluated. Some of its

isomers have proven biological activity (SECKIN et al., 2005;
SUZUKI et al., 2001; YASUI et al., 2005).

CLnA are found in seed oils, especially in tung oil, as major
FA: a-eleostearic acid (alpha-ESA, 9¢,11t,13t) and (-eleostearic
acid (beta-ESA, 9t,11t,13t) (CAO et al., 2006). Some CLnA
isomers show cytotoxic effects on tumors, inhibit carcinogenesis,
and alter lipid metabolism (DESTAILLATS et al., 2005;
SUZUKI et al., 2001; YASUT et al., 2005).

One of the most commonly used techniques for FA
separation and detection in a number of food matrices is gas
chromatography coupled to a flame ionization detector, GC-FID
(SIMAS et al., 2010). Therefore, the objective of this study was
to evaluate the fatty acid composition of Genetically Improved
Farmed Tilapia (GIFT) enriched with conjugated fatty acids,
found in tung oil, using GC-FID.

2 Materials and methods

Standards. FAMEs 189-19 mixture standard and methyl
tricosanoate were purchased from Sigma-aldrich (USA). The
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other reagents such as chloroform, methanol, ammonia, as
well as sodium hydroxide, heptane, sulfuric acid, and sodium
chloride were also purchased from Sigma-aldrich.

Sampling. Fish was raised at the Fish Experimental Station
of State University of Maringa, UEM/Codapar, located in the
District of Floriano (Maringa, Parand state, Brazil) in February
2010. 400 fish weighing an average of 40.56 + 0.67 g were
distributed into eight tanks and submitted to two treatments
with four replicates. The ingredients used in the preparation of
the two treatments, a control containing sunflower oil and the
experimental feed enriched with tung oil, are shown in Table 1.
The feeds were prepared according to the nutritional needs of
tilapia (WASHINGTON, 1993). Two week before starting the
experiment, the fish received the control treatment oil (with
sunflower oil and without tung oil) for adaptation. After this
period, the tanks were equally divided for the two treatments,
and the fish were fed twice daily. The fish were evaluated for
ten days; on days 0 and 10, a total of six tilapias were killed
for each repetition, eviscerated, washed, filleted, ground, and
freeze stored in N, atmosphere in polyethylene bags at -18 °C
for subsequent analysis.

Analyses. The moisture content in the fillets and feeds was
determined as described by Cunnift (1998), and the total lipids
(TL) were determined by the Bligh and Dyer (1959) method.

Table 1. Composition of experimental feeds®.

Treatments
Ingredients (%) V (LNA)5
Sunflower oil Tung oil
Soybean bran 53.65 53.65
Maize 21.18 21.18
Wheat bran 8.62 8.62
Brewers rice 7.66 7.66
Bicalcium phosphate 2.87 2.87
Salt 0.48 0.48
Choline chloride 0.10 0.10
Antifungal 0.10 0.10
Vitamin C (mono) 0.10 0.10
Antioxidant 0.04 0.04
DL-Methionine 0.14 0.14
L-Lysine 0.19 0.19
L-Threonine 0.14 0.14
L-Tryptophan 0.05 0.05
Premix® 0.48 0.48
Sunflower oil 4.2 0
Tung oil 0 4.2
Composition® (%)
Ash 7.40 = 0.00 7.50 + 0.07
Crude protein 33.86 +0.71 33.81+0.10
Moisture 3.83+0.01 3.82 +0.04
Total lipids 6.48 £ 0.22 6.54 £ 0.10

AData provided by the Aquaculture Laboratory — Department of Zootecnia of the State
University of Maringa. ®Mineral and vitamin supplement. “Results expressed as averages
of three replicates. Different letters in the same line indicate statistically significant
difference (P < 0.05) by the Tukey test.
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Preparation of Fatty Acid Methyl Esters (FAME). Fatty
acid methyl esters were obtained from 30 + 1 mg of oil extracted
from fillets to which 500 pL of a methyl tricosanoate solution
in n-heptane at 1 mg.mL"in a screw-cap test tube were added.
After solvent evaporation under nitrogen flow, the lipids
were saponified in a 0.5 mol.L™ sodium hydroxide solution
in methanol and esterified using a mixture of ammonium
chloride, methanol, and sulfuric acid in the proportion of
1:30:1.5 (m/v/v). After the addition of 4 mL of a saturated
sodium chloride solution, the esters were extracted with 1 mL
of n-heptane (JOSEPH; ACKMAN, 1992) and freeze stored
(~18 °C) for subsequent chromatographic analysis.

GC Analyses of Methyl Ester. Methyl ester was separated
by gas chromatography using a Thermo 3300 gas chromatograph
fitted with a flame ionization detector (FID) and a fused-silica
CP-7420 (SELECT FAME) capillary column (100 m x 0.25 mm
i.d. x 0.25 um of cianopropil). The operating parameters
were as follows: detector temperature, 240 °C; injection
port temperature, 230 °C; column temperature, 165 °C for
18 minutes, programmed to increase at 4 °C.min™" up to 235 °C
with a final holding time of 14.5 minutes; carrier gas hydrogen
at 1.2 mL.min'; nitrogen makeup gas at 30 mL.min"; and split
injection at 1:80 ratio. For identification, the retention times
of the fatty acids were compared to those of standard methyl
esters (Sigma, St. Louis, MO). Retention times and peak area
percentages were automatically processed using the Software
Chromquest 5.0.

Statistics. The mean values were statistically compared by
the Tukey test at 5% using one-way ANOVA. The data were
processed using software Statistica 6.0.

3 Results and discussion

Control and experimental treatment fish received isocaloric
and isoproteic feeds (Table 1) in order to meet their basic
nutritional needs and allow their growth to calculate the
correlation of the differences between their fillets and those
obtained from the oil- enriched treatment.

Control in preparing the diets and their acceptance by the
fish are basic factors in this kind of study. Both experimental
diets (with sunflower seed oil and tung oil) were well accepted
by the fish; no mortality was recorded.

With regards to fatty acids, the control diet (sunflower oil-
enriched) did not contain conjugated alpha-ESA and beta-ESA
fatty acids, which is the main objective of this study, while these
are present among the major FA in the experimental treatment
(tung oil-enriched) (Table 2).

Table 3 shows the amounts of 42 fatty acids found in the
muscle tissue of tilapias submitted to the different treatments.
The fatty acids identified were saturated fatty acids (SFA),
monounsaturated (MUFA), and polyunsaturated fatty acids
(PUFA) (SOUZA et al., 2007). Palmitic acid (16:0) was the
saturated fatty acid (SFA) found in the greatest amount, followed
by MUFA and PUFA oleic acid (18:1n-9) and linoleic acid
(18:2n-6), respectively. The same was observed in Nile tilapia
fed modified diets (JUSTT et al., 2003).
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Table 2. Fatty acid profiles (g 100g™ total lipids) of sunflower and
tung oil.

Table 3. Fatty acid profile (g 100g" total lipids)® of fillets of tilapia
submitted to feeds enriched with sunflower or tung oil.

Fatty acids Sunflower oil Tung oil
16:0 9.73 £0.18* 8.77 £ 0.09°
16:1n-7 0.11 +£0.00* nd
18:0 2.00 +0.02* 2.51+0.27°
18:1n-9 22.89 +0.04* 11.20 + 0.39"
18:1n-7 0.90 £ 0.07¢ 0.76 + 0.03°
18:2n-6 59.71 £ 0.10° 25.93 +1.05°
18:2 9cl1t nd nd
18:2 10t 12¢ nd nd
18:3n-3 3.04 +£0.02* 2.23+0.01°
alpha-ESA (9¢,11t,13t) nd 28.73 £0.35
X1 nd 1.06 £ 0.03
X2 nd 2.87 +£0.08
X3 nd 2.45+0.03
beta-ESA (9t,11t,13t) nd 12.64 £ 0.08
20:0 0.44 +0.02¢ 0.19 £0.01°
20:1n-9 0.21 £0.01* nd
22:0 0.32 £ 0.00* nd
22:1n-7 0.47 +0.00* 0.67 £ 0.03°
24:0 0.19 £ 0.00* nd

Fatty Acid Sums and Ratios

PUFA 62.75* 75.90°
SFA 12.68° 11.47°
CLnA nd 47.75"
CLA nd nd
n-6 59.71* 25.93°
n-3 3.04° 2.23%
PUFA/SFA 4.95 6.62°
n-6/n-3 19.64° 11.63°

Results expressed as relative percentage of average total fatty acid of three replicates.
Different letters in the same line indicate significant difference (P < 0.05) by the
Tukey test. SFA = saturated fatty acids; MUFA = monounsaturated fatty acids;
PUFA = polyunsaturated fatty acids; CLnA = linolenic fatty acids; CLA= linoleic fatty
acids; n-6 = total of n-6 fatty acids. n-3 = total of n-3 fatty acids; X2, X3, and X4 = isomers
of linolenic acids not identified.

Palmitic (16:0), oleic (18:1n-9), linoleic (18:2n-6), and
linolenic (18:3n-3) FA were also major FA in the two feeds and
in the fillets (Table 3). According to Bellido et al. (2006), the
ingestion of oleic acid is related to the reduction of the level of
low density proteins (LDL) and consequently, the prevention
of arteriosclerosis. The results to this fatty acid ranged from
20.48 to 21.78% for sunflower and tung treatments, as shown
in Table 3. LA and LNA, were also found in both treatments
with levels between 20.19 and 0.88% and 21.11 and 1.08 % for
sunflower and tung treatments, respectively. These fatty acids
are essential fatty acids metabolized by the same sequential
denaturation and elongation enzyme systems, which results
in the production of long-chain polyunsaturated fatty acids
(LC-PUFA) of the n-3 and n-6 series (SOUZA et al., 2007).
Usually, the FA profile of tilapia fillets contains FA which play
an important role in human metabolism (MARTIN et al., 2006)
such as alpha-linoleic acid (LNA), eicosapentaenoic acid (EPA),
and docosahexaenoic acid (DHA), which belong to the n-3
series and contribute to the increase of the nutritional value
of this meat.
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Fatty acids® Oils
Sunflower (0 days)* Tung (10 days)?
14:0 1.20 £ 0.01* 1.31 £0.01°
i15:0¢ 0.14 + 0.00* 0.18 +0.00°
15:0 0.31 + 0.00* 0.31 +0.00°
i16:0¢ 0.74 = 0.00* 0.50 +0.01°
16:0 18.98 + 0.07* 18.03 £ 0.03°
16:1n-9 0.60 £ 0.01° 0.59 + 0.01*
16:1n-7 1.97 £0.01* 2.37 £0.01°
16:1n-5 0.30 £ 0.00° 0.35 +0.00°
ail7:0¢ 0.10 £ 0.00° 0.12 + 0.00*
17:0 0.47 £ 0.00° 0.49 + 0.00°
17:1n-9 0.40 £ 0.01* 0.26 + 0.00°
18:0 7.47 £ 0.01* 6.92 +0.02°
18:1n-11 0.27 £ 0.01* 0.23 £ 0.01*
18:1n-9 20.48 £ 0.06* 21.78 +£0.03°
18:1n-7 2.54 £ 0.01* 2.55+0.00*
18:1n-4 0.21 £ 0.00° 0.17 +0.00°
18:2n-6 (LA) 20.19 £ 0.07* 21.11 £0.10°
18:2n-4 0.15 £ 0.00° 0.16 +0.01°
18:3n-6 0.92 £ 0.00° 0.90 £ 0.01°
18:3n-3 (LNA) 0.88 £ 0.00° 1.08 £ 0.01°
18:2c9t 11 nd 0.14 + 0.00*
19:2n-7 0.21 £ 0.00° 0.25+0.01°
18:2 t10c12 nd 0.17 £ 0.00*
18:4n-3 0.10 + 0.00* 0.08 £ 0.01*
20:1n-9 1.00 + 0.00* 1.28 £0.01°
21:0 0.08 + 0.00* 0.09 + 0.00*
20:2n-6 1.37+£0.01* 1.34 £ 0.00*
20:3n-6 1.47 £0.01* 1.48 £0.01°
20:4n-6 (AA) 3.60 £ 0.01° 3.05+0.01°
20:4n-3 0.23 £ 0.00° 0.27 +0.00°
22:0 0.16 + 0.00® 0.16 + 0.01*
alpha-ESA nd 0.41 £ 0.00°
X2 nd 0.08 + 0.00*
X3 nd 0.12 £ 0.01*
X4 nd 0.22 £ 0.01*
beta-ESA nd 0.19 + 0.00*
20:5n-3 (EPA) 3.22+£0.01* 2.85 + 0.06°
22:4n-6 1.37 £0.01* 1.21 £0.01°
22:5n-6 4.04 £0.01* 2.96 +0.01°
24:0 0.17 £ 0.00° 0.20 +0.01°
24:1n-9 0.87 £ 0.00° 0.96 + 0.00°
22:6n-3 (DHA) 3.79 £ 0.02° 3.08 £ 0.02°

“Results expressed as relative percentage of average total fatty acids of three replicates.
Different letters in the same line indicate significant difference (P < 0.05) by the Tukey
test. "Results expressed as averages of six replicates. Different letters in the same line
indicate significant difference (P < 0.05) by the Tukey test. <0 days = adaptation time
(sunflower oil). 90 days= Duration of the tung oil treatment. ‘i and ai = iso and anteiso
fatty acids isomers; LA = linoleic acid; LNA = alpha-linolenic acid; AA = arachidic
acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; alpha-ESA = alpha-
eleostearic acid, 18:3 ¢9, t11, t13; beta-ESA = beta-eleostearic acid 18:3 t9, t11, t13;
CLA = conjugated linoleic acid (18:2 9c11t, 18:2 10t12¢); nd = not detected; X2, X3, and
X4 = isomers of linolenic acids not identified.
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Table 4. Moisture, total lipids, and Fatty Acid Sums and Ratio® of fillets
of tilapia submitted to feeds enriched with sunflower or tung oil.

Analyses (%) Sunflower oil Tung oil
Moisture 80.36 +0.19* 80.07 +0.13*
Total lipids 0.57 +0.00* 0.70 + 0.00°

Fatty Acid Sums and Ratio
PUFA 42.12 40.07
SFA 30.22 28.48
CLA 0.00 0.31
CLnA 0.00 1.02
n-6 33.41 32.25
n-3 8.34 7.42
PUFA/SFA 1.39 1.41
n-6/n-3 4.01 4.35

‘Results expressed as relative percentage of average total fatty acids of three
replicates; SFA = saturated fatty acids; MUFA = monounsaturated fatty acids;
PUFA = polyunsaturated fatty acids; CLnA = linolenic fatty acids; CLA = linoleic fatty
acids; n-6 = total of n-6 fatty acids and n-3 = total of n-3 fatty acids.

Table 4 shows the FA ratios n-6/n-3 and PUFA/SFA. It also
shows important information concerning the food because
according to Simopoulos (2002), for food to be considered
healthy, these ratios must be smaller than 4.0 and greater than
0.4, respectively. In the present study, the n-6/n-3 and PUFA/
SFA ratios in the tilapia fillets were satisfactory for the control
treatment (4.01 and 1.39, respectively) and for the experimental
treatment (4.35 and 1.41, respectively).

Considering the FA profile of tilapia fillets, it can be said
that conjugated FA derived from alpha-linolenic fatty acid
were incorporated into the fillets, and the CLnA after 10 days
of treatment, the CLnA percentage was 1.02%, confirming
the buiding up of these isomers in the muscle tissue of the
fish. Kim et al., (2002) and Yang et al., (2005) showed that the
supplementation of a-ESA acid in mice and rats resulted in its
conversion into the isomer of linoleic acid cis9, trans11-18:2.
Tsuzuki et al., (2004) also reported that a-ESA acid is partially
saturated at position 13 and converted into 9c11t-CLA.

4 Conclusions

The fish adapted to the tung oil-enriched treatment.
Conjugated FA were incorporated into GIFT fillets, and CLA
was biosynthesized from the consumed CLnA. In conclusion,
tilapia fed tung oil-enriched diets can be included in the human
diet to increase the intake of CLA and CLnA conjugated fatty
acids, as well as the intake of other fatty acids with important
nutritional value, such as LNA, EPA, and DHA.
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